Abstract -Due to the disturbances of spatters, dusts and strong arc light, it is difficult to detect the weld pool edge in laser welding processes. An image sensing system for the ND: YAG laser welding process is introduced in detail. Image processing and pattern recognition in the system are first used to obtain information from the laser welding process for Tailed Weld Blanks. $ new way is employed to preprocess the image of the laser welding in order to detect effectively the edge of weld pool in Tailed Weld Blanks. The image of the weld pool was processed using a series of methods: image truncation, Bi-level thresholding, median filter and edge detection. The experimental results show that better performance to extract the edge of the weld pool can be obtained by using the new way. The proposed edge detection approach can reach not only perfect edge detection result but also good robustness to noise in TWB. Experiments also show that using the welding monitor system to control the ND:YAG laser welding quality for stainless steel is an effective method.
I. INTRODUCTION
Car safety and fuel economy are two major concerns for the automotive industry. Improving the safety of a car requires thicker/stronger material in some critical area while increasing fuel economy needs to reduce weight. These two requirements may contradict with each other, making the problem difficult to resolve. In the earlier 1980's, a revolutionary concept of tailor-welded blanks (TWB) was introduced into the automotive industry to overcome such difficulty. A tailorwelded blank is comprised of two or more base metal sheets that have been welded together in a single plane prior to forming. Base metals can be of different thickness, different strength, different coatings, or different metallurgical grades. This new technology enables a patchwork of different steels to be created which distributes the weight exactly where it is needed. The overall weight and the material cost of vehicles are, thus, reduced without loss of rigidity [1] .
The tailor welded blank industry continues to experience steady growth. The leading tailor-welded blanks users, GM, DaimlerChrysler, Volkswagen and Toyota, all have door inner tailor-welded blanks which were once considered an advanced application because of weld lengths exceeding one meter. Today, Mercedes, Volkswagen, and BMW have tailor-welded blanks door inners with multiple welds. GM, DaimlerChrysler, and Toyota are leaders in body side aperture tailor-welded blanks. Each auto company now has tailor-welded blanks applications and the growth rate is approximately 25% to 30% per year in North America, Europe and Japan. The leading objectives continue to be cost reduction, structural improvement and mass reduction. Certain companies continue to recognize quality improvements as a major objective.
Standard weld process control technologies focus on three-level technology:
1) The first level tracks edge fit-up quality prior to welding. Edge gap and mismatch can be detected.
2)̓ The second level involves monitoring the weld itself, usually by measuring the weld plume, which provides an indirect measure of weld quality in that it is not a 100% accurate predictor of weld quality.
3) The third level is to measure the weld after it is completed. Weld geometry can be measured, or ultrasonic technology can be used to detect porosity and pinholes.
Although laser, mash seam, arc, ash butt, electrical beam and high frequency welding, are being used in tailored blanks manufacturing, and applied to actual welding, only laser welding and mesh seam welding have been put to practical use [2] [3] [4] [5] . The dominant welding technology was confirmed to be shifting more toward laser from resistance mash seam, with a significant focus on YAG laser because of its overall operating robustness and flexibility for non-linear requirements. Applications are also becoming more complex with longer weld lines, as on door inner and body side aperture panels, steels that are more difficult to weld, and non-linear weld seams. Shenyang Institute of Automation in Chinese Academy of Science has developed a new automatic laser welding line for tailor-welded blanks in 2006 and its layout as shown in Fig.1 .
Many techniques of seam tracking and joint or weld recognition based on mechanical, electrical, sonic, magnetic, and optical sensors have been suggested and developed. Vision sensors are one of the most powerful forms of noncontact sensory feedback for monitoring and control of processes such as welding.With the rapid growth of the computer vision and image process, more and more accurate information can be obtained from the weld pool by a visual sensor. According to the characteristics of illumination, sensing systems can be divided into two types: the active vision mode and the passive vision mode. The illumination is 1-4244-1531-4/07/$25.00 © 2007 IEEE.
additional in the active vision, for example, the light beam, light sheet and encoding, while the imaging illumination is surroundings light in the passive vision. Kovacevic and Zhang captured the image of the weld pool surface in TIG. They used a high speed camera and a pulsed laser, the pulse of the laser lasts 3 ns, and the shutter of the camera was synchronized with the laser pulse. During the pulse, the intensity of laser illumination was much stronger than that of the arc. Thus, clear images of the weld pool surface could be captured in the TIG process [, ] . S.B. Chen and Y.J. Lou developed a simultaneous double-sided visual image sensing system of the weld pool in a frame. The visual sensing system consisted of a CCD camera, a composite filter system, a monitor and a frame grabber. Both the topside and backside images concentrated on the same target of the CCD camera though a double-sided visual light path sensing system [8] . The image of weld pool can be captured by using a welding monitor system on new automatic laser welding line. It is difficult to detect the weld pool edge in laser welding processes. So a new way is employed to preprocess the image of the laser welding in order to detect effectively the edge of weld pool in Tailed Weld Blanks.
The organization of the paper is as follows: In section II, a welding monitor system used on the automatic laser welding line is introduced in detail, include in its structure, basic principle of this system and its Schematic diagram . In section III, the algorithm structure of weld pool image processing is proposed. Section IV contains the experimental procedures. Section V summarizes the result and discusses future work.
II. THE ON-LINE CAPTURE OF ORIGINAL IMAGES
In laser welding, weld quality control is very important for TWB welding. The front and back geometry parameters of the weld give information about the quality of the weld, such as penetration depth and reinforcement. Obtaining of information about the welding process is the basis of quality control, so a sensing method for weld information is discussed in this paper. Many on-line weld-monitoring technologies are used in various stages of readiness today. These developmental systems include:
1) Weld plasma monitoring; 2) Structured light profilometry; 3) Electro-magnetic acoustic transducer (EMAT); 4) Pinhole detection. 5) keyhole analysis
A welding monitor system is used on the new automatic laser welding line for tailor-welded blanks. It consists of a high-resolution black/white CCD camera (1450000 pixels), a flash lamp (water-cooling type), lamp power supply, control PC and control unit. The system is provided with functions mainly for capturing images of welded work surfaces, weld pool and keyhole. It also can notify the operator of welding condition based on the information of the groove width, groove position, and weld pool from the image data. Fig.2 shows the Schematic diagram of welding monitor control system Fig.2 The Schematic diagram of welding monitor control system [9] The basic principle of this system is as follows [9] . In welding process, the images of molten pool and its around are obtained in CCD camera by using band pass filters and high speed electric shutter in order to decrease the brightness of molten pool and scattered laser beam. At the same time, we apply the second-harmonic pulse YAG laser for illuminating its around. The timing to irradiate the pulse YAG laser and to open the electric shutter of CCD camera is synchronized by synchro-controller. In this way, we can clearly observe the high luminary area and its around at the same brightness.
The flowchart of the weld monitor system is shown in figure 3 . The weld monitor system control software makes an overall quality inspection on the basis of the image processing result of each image captured during a single welding operation (about 25 images per second). It is necessary to adjust parameters (the ND: YAG laser power, the weld speed, the gap width and the offset of the laser welding heads) for each work in order to notify of welding conditions. These parameters adjustment values can be saved in a specified parameter table. An optimal parameter should be selected for each work after many experiments having been performed because the welding conditions vary depending on set parameters. And the notification results are those that this system has judged by means of processing the images of welding conditions. While welding is performed, the welding monitor system can receive a monitoring request signal from the welding machine, expose work to light from a lamp during welding, get image data, perform image processing, and then notify of the welding condition. The inspection results are judged as good and bad. 
III. THE ALGORITHM STRUCTURE OF IMAGE PROCESSING
For the past three decades there has been a great deal of interest in automating welding processes. Since vision is very important part of manual control in welding, attempts were made to incorporate machine vision into such automation. Over the years, existence of a relationship between the geometry of the weld pool and the weld conditions (and consequently quality of the weld) has been documented, e.g., [10] , [11] ; so it is very important to realize of real-time edge detection of weld pool.
Due to the nature of images, the weld pool edge detection is the most complex task. In general, traditional edge detection methods can not detect the weld pool edge reliably; alternative approaches employing energy minimization may detect incorrect edges due to the fact that there are many noises present, and the real weld pool edge is not necessarily the most dominant edge. Therefore, a new method was developed specifically for this problem. This method detects weld pool edge through image truncation, Bi-level thresholding, median filter and edge detection. 
A. Analyzing the 2riginal ,mage
The molten pool image signal shown in the figure is always affected by strong noises due to the existence of dusts, oil spots, spatters and the halation during the YAG Laser welding. The original image signal is of 359×339×8bits. It is imperative to truncate it in order to save the time of image processing. The truncate image signal (shown in figure ) can not only be of 80×80×8 bits, but also the weld pool lie in the middle of the image through gray distribution analysis. Fig.,  Fig. and Fig. denote respectively the variation curves of gray level in the 3D space, along the sectional direction of weld line, and the middle vertical section of weld line. 
B. Bi-level thresholding
The target is to convert a common image into a binary image so that objects can be conveniently separated from the background. During the process it is necessary to set a threshold. Based on the characteristics of the TWB weld pool image, Ei-level thresholding is employed on images which have bimodal histograms because of the apparent hollow, which could be thought of as a threshold between peaks in the histogram. In bi-level thresholding, the object and background form two different groups with distinct gray levels. The shape of the histogram (shown in figure ) are bimodal with peaks corresponding to the object and background regions and a valley in between. The valley point is usually chosen as the threshold. In bimodal thresholding, all gray values greater than threshold T are assigned the object label and all other gray values are assigned the background label, thus separating the object pixels from the background pixels. Such a bimodal image thresholding is shown in figure . Where the threshold, T, is 250. The pixels whose grey value are greater than T are defined as the pool pixels. 
&. Median filtering
The median filtering is the best known order-statistics filter. It is necessary because of the strong noise in molten pool images. The main advantages of median filtering are that it is simple in calculating that result in higher efficiency, and it has good performances in filtering white noise and long trail noise. The median filter can also keep the detail information such as edge pieces and sharp angles. Median filters are quite popular because, for certain types of random noise, they provide excellent noise-reduction capabilities, with considerably less blurring than linear smoothing filters of similar size. Median filters are particularly effective in the presence of impulse noise, also called salt-and-pepper noise because of its appearance as white and black dots superimposed on an image. In median filtering the input pixel is replaced by the median of the pixels contained in the neighborhood [12] . Symbolically this can be represented as:
(1) Where W is suitably chosen neighborhood. The algorithm for median filtering requires arranging the pixel gray values in the neighborhood in increasing or decreasing order and picking up the value at the center of the array. Generally the size of the neighborhood is chosen as odd number so that a well-defined center value exists. If, however, the size of the neighborhood is even the median is taken as the arithmetic mean of the two values at the center. Where the size of the neighborhood is 5.The result of median filtering is shown in Figure . D. Edge 'etection (dge detection is the most common approach for detecting meaningful discontinuities in gray level. Intuitively, an edge is a set of connected pixels that lie on the boundary between two regions. A number of edge detectors based on a single derivative have been developed by various researchers. Amongst them most important operators are LOG operator, Prewitt operator, Canny operator, Krisch operator, etc. In each of these operator-based edge detection strategies, we compute the gradient magnitude in accordance with the formula given below. If the magnitude of the gradient is higher than a threshold, then we detect the presence of an edge. Fig.,   Fig. and Fig.1 denote respectively the achieved edges of weld pool using Prewitt operator, LOG operator and Canny operator. Fig .12 The result of median filtering A welding monitor system used on the new automatic laser welding line for tailor-welded blanks is introduced in detail. The images of the weld pool are captured by using the system. A better method to resolve edge detection of weld pool for YAG laser welding in TWB is proposed based on the analytic result for gray-level distributing characteristic in YAG welding image .The Bi-level thresholding and Median filtering are adopted to preprocess the sensing original image in order to eliminate the noise and make the image more distinct. Three classic edge detectors are used and three edges of weld pool all are achieved distinctly. The experimental results show that the proposed edge detection approach can reach not only perfect edge detection result but also good robustness to noise in TWB. The weld pool geometry information and the relationship between the geometry of the weld pool and the weld conditions will be discussed in the later work.
